Plentiful evidence now links low birth weight due to intrauterine growth restriction and increased risk of vascular disease in later adult life. This is considered to be partly the result of programming through fetal nutrition. 1 In contrast, much less attention has been focused on the relation between adverse pregnancy outcomes, such as pre-eclampsia, gestational diabetes, preterm delivery, and intrauterine growth restriction, and the mother's subsequent health, and interesting data are now increasingly linking the maternal vascular, metabolic, and inflammatory complications of pregnancy with an increased risk of vascular disease in later life (table) . This article summarises the emerging evidence to support this fascinating concept, notes important areas for further research, and discusses potential practical implications.
Metabolic syndrome
A key factor underlying cardiovascular disease and, in particular, coronary heart disease, is the metabolic syndrome. The metabolic syndrome is a spectrum of metabolic abnormalities associated with insulin resistance, which is manifest as relative hyperglycaemia, hyperlipidaemia, and disturbance of coagulation. The normal physiological response to pregnancy represents a transient excursion into a metabolic syndrome in which several components are acquired: a relative degree of insulin resistance, definite hyperlipidaemia, and an increase in coagulation factors. 12 13 Normal pregnancy also involves upregulation of the inflammatory cascade and an increase in white cell count.
14 Such upregulation in non-pregnant women has recently been recognised as an additional risk factor for cardiovascular disease, as markers of inflammation such as C-reactive protein, interleukin-6, and raised white cell count have been found to be independent predictors of cardiovascular events and diabetes. 15 All these metabolic changes of pregnancy are likely to be the result of hormonal changes, either direct or indirect, through regulation of early fat acquisition and its rapid mobilisation in the second half of pregnancy. 16 Such metabolic responses could be considered as "stress" tests of maternal carbohydrate and lipid pathways and vascular function. In this way, adverse pregnancy outcome may be an indicator of increased risk of metabolic and vascular diseases in later life (figure).
Gestational diabetes
Perhaps the best studied example of gestational diabetes is glucose metabolism in pregnancy. If the mother fails to compensate adequately for the increase in gestational insulin resistance by enhancing pancreatic insulin secretion, her regulation of glycaemia will be affected and she will have a 30% risk of developing type 2 diabetes in later life. 17 In fact, pregnancy itself may accelerate the development of type 2 diabetes in susceptible women. 18 Even if they remain glucose tolerant after their pregnancy, women with a history of gestational diabetes show subtle yet significant differences from controls in fasting lipid levels, blood pressure, and microvascular and large vessel function, consistent with an increased risk of diabetes. our current knowledge of risk factors, all these observations predict an increased risk of coronary heart disease in women with previous gestational diabetes.
Hypertensive complications
Pre-eclampsia, which complicates 2-4% of pregnancies, remains one of the commonest causes of maternal and fetal morbidity and mortality. However, early findings conflict with more recent data on the long term consequences for mothers. The early work by Leon Chesley and others suggested that women with pregnancy induced hypertension and eclampsia did not develop later chronic hypertension, [19] [20] [21] but others have found an increase in risk of later hypertension, especially when the hypertension in pregnancy began before 30 weeks' gestation. 22 There does seem to be agreement, however, that mothers who have uncomplicated pregnancies have a lower incidence of subsequent hypertension than does the general female population of similar age and race. 19 Recent studies have found that women with a history of pre-eclampsia have higher circulating concentrations of fasting insulin, lipid, and coagulation factors post partum than do controls matched for body mass index. 4 5 They also seem to show a specific defect of endothelialdependent vascular function as compared with women with a history of a healthy pregnancy, independently of maternal obesity, blood pressure, and metabolic disturbances associated with insulin resistance or dyslipidaemia. 6 This pattern of metabolic and vascular changes in women with a history of pre-eclampsia is nearly identical to the abnormalities seen in this condition at diagnosis-namely, exaggerated lipid and insulin levels, disturbed haemostatic factors, and endothelial dysfunction. 16 It is not surprising, therefore, that the specific vascular lesion of pre-eclampsia, termed acute "atherosis," in the placental bed, is similar to that observed in atherosclerosis, including foam cells loaded with lipid. Thus the genotypes and phenotypes underlying vascular disease may also underlie preeclampsia.
These changes in risk markers in women with a history of pre-eclampsia predict that they may be at an increased risk of coronary heart disease. Jonsdottir and colleagues 7 examined causes of death in 374 women with a history of hypertensive complications in pregnancy and noted that their death rate from complications of coronary heart disease (standardised mortality ratio 1.47; 95% confidence interval 1.05 to 2.02) was significantly higher than expected from analysis of population data from public health and census reports during corresponding periods. Moreover, they noted that the relative risk of dying from coronary heart disease (risk ratio 2.61; 1.11 to 6.12) was significantly higher among women who had had eclampsia or pre-eclampsia (risk ratio 1.90; 1.02 to 3.52) compared with those with hypertension alone. 7 A prospective cohort study using data from the Royal College of General Practitioners' oral contraceptive study also reported that a history of pre-eclampsia increased the risk of cardiovascular conditions in later life. For total ischaemic heart disease the relative risk was 1.7 (1.3 to 2.2). Furthermore, the increased risk could not be explained by underlying chronic hypertension. 8 A retrospective cohort study from Scotland using hospital discharge data has also recently reported an association between pre-eclampsia and later ischaemic heart disease in the mother (risk ratio 2.0; 1.5 to 2.5). 9 Prospective evaluation of women in pregnancy, with long term follow up, is now required to discover the mechanisms underlying this association. It is also important to determine whether this finding can identify risk that otherwise might not have been evident or whether the use of established risk factors such as hypertension and obesity would have identified these women as being "at risk" and offered an opportunity for primary prevention.
Low birth weight
Intriguingly, recent retrospective studies have noted that women who have delivered a baby weighing less than 2500 g have 7-11 times the risk of death from cardiovascular causes of women with babies weighing 3500 g or more. 9 10 These findings seemed not to be confounded by socioeconomic status, and the association was too strong to be explained by maternal smoking. The observations suggest a link between maternal risk factors for coronary heart disease and fetal programming. The maternal genotypes and phenotypes associated with increased risk of coronary heart disease may also underlie intrauterine growth restriction and fetal programming. In turn this will lead to a perpetuation of risk factors through generations. We cannot influence genotype, but phenotype might be altered. Therefore, improving the mother's risk factor status and metabolic profiles before or early in pregnancy-for example, by stopping smoking, increasing physical activity in sedentary women, improving diet, and loss of weight by obese women-could benefit fetal development and reduce the vascular risk of future generations.
Preterm delivery
Women with a history of delivery before 37 weeks had around twice the normal risk of coronary heart disease in observational studies. 9 11 Although reliable data on maternal smoking, a major potential confounder, were not available, maternal smoking seemed not to be a confounder in this relation as such women were not at increased risk of smoking related cancers. Preterm labour is recognised to be an inflammatory phenom- Risk factors for vascular disease are identifiable during excursions into the metabolic syndrome of pregnancy enon with a leucocyte infiltrate in the cervical and uterine tissues, even in the absence of infection. 23 The association between preterm labour and coronary heart disease might therefore be related to upregulation of chronic inflammatory pathways. Women with a "proinflammatory" phenotype may develop greater upregulation of the chronic inflammatory pathways than is seen in normal pregnancy, leading to preterm labour. This would help explain why these same women will be at increased risk of coronary heart disease in later life, as inflammation is an independent predictor of coronary heart disease in men and women. 24 Again, confirmation of this important observation is needed, ideally in prospective studies, along with an exploration of the inflammatory mechanisms common to both clinical problems.
Future research
Most of the above findings come from observational studies with relatively small numbers of cases or end points, and so require confirmation in larger cohorts with longer periods of follow up, adequate control groups, and proper attention to confounding by smoking. These should examine whether established risk factors account for excess risk associated with pregnancy complications or if novel factors might be implicated. Simultaneously, large prospective longitudinal studies (of several thousand women) examining changes in conventional risk factor pathways (lipids, blood pressure, haemostatic factors) and novel pathways (inflammation, insulin resistance) during and after pregnancy should be undertaken. Such studies lend themselves well to long term follow up with the eventual aim of linking pregnancy outcome to maternal vascular risk factor status at the first antenatal visit in the short term, to post-pregnancy risk factor status in the medium term, and to vascular and metabolic disease end points in later life. This design could also examine whether the pattern of risk factor perturbances is unique to individual complications or similar in all. Clearly, a variety of study designs are needed to confirm associations and to work out the mechanisms and causality.
Implications
A major problem in the prevention of vascular disease has been the difficulty in identifying individuals at risk at an early enough stage for them to benefit from intervention such as modification of their lifestyle. For example, by the time type 2 diabetes is diagnosed, more than 30-50% of patients will already have evidence of vascular disease. Clearly, women with a history of gestational diabetes are candidates for screening for diabetes. This should take the form of measurement of fasting plasma glucose any time between 6 weeks and 6 months post partum, and thereafter regularly at intervals guided by initial results. A diagnosis of diabetes is now made if the plasma glucose concentration is 7 mmol/l or above on two occasions. If a result between 6.1 and 6.9 mmol/l is recorded on two occasions, then an oral glucose tolerance test is advised. All women with such a history should be counselled about their increased risk of developing type 2 diabetes and the benefits of modifying their lifestyle. This is important, as improved diet and physical activity have recently been shown to prevent the onset of type 2 diabetes in people at high risk. 25 26 Even if initial plasma glucose concentrations are normal, regular checks are warranted, particularly if gestational diabetes recurs in a second pregnancy, to allow early identification and treatment of asymptomatic diabetes.
Similarly, if other adverse pregnancy outcomespre-eclampsia, intrauterine growth restriction, and preterm labour-are confirmed as indicators of increased vascular risk in mothers, these women may benefit from screening and primary prevention strategies. Such intervention could be focused on the perimenopausal years (a time when risk of vascular disease increases rapidly) or even earlier. This may be particularly relevant in mothers with low birthweight babies (under 2500 g), in whom relative risks for coronary heart disease seem to be increased severalfold (table) . In addition, as risk ratios for complications seem to be additive, a woman with multiple pregnancy complications, such as pre-eclampsia combined with preterm delivery and a baby in the lowest fifth of birth weights, is at severalfold increased risk of coronary heart disease. 9 It is notable that the absolute risk of coronary heart disease in women in their 40s is very low, thus only factors which increase risk severalfold should be targeted. Screening in these women would take the form of routine coronary heart disease assessment including measurements of blood pressure, fasting lipids (total cholesterol, triglyceride, and high density lipoprotein cholesterol), and glucose concentrations; the risk of coronary heart disease can then be ascertained from the widely available risk factor charts. To help ensure that appropriate women are screened and given relevant health education, adverse pregnancy outcomes could be used in general practitioners' computer databases for targeted health screening programmes. Indeed, such interventions could start at the routine postpartum review at six weeks, when these women could be made aware of their potentially increased risk of coronary heart disease.
The second implication of an association between maternal coronary heart disease risk and adverse pregnancy outcome, particularly low birth weight and preterm delivery, is the potential for modification of risk factors before a subsequent pregnancy or in early pregnancy. For example, increased physical activity in women who are sedentary may result in a better pregnancy outcome for both mother and child. Indeed, there are preliminary data to support this hypothesis: increasing exercise during pregnancy may increase birth weight 27 and reduce the risk of gestational diabetes. 28 Such data would suggest that complications are not simply genetically determined, but that lifestyle factors play a major role. At present this remains speculative, and further research is needed to examine this important question.
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